• Lutein esters were solely present in tritordeum fractions
Sample preparation and isolation of the germ-endosperm grain fractions. 112
For each cereal type, 1000 grains were manually dissected under a magnifying 113 glass to separate the germ from the endosperm using a scalpel. Strictly speaking, the 114 endosperm fraction also contains the bran, which consists of the aleurone and pericarp 115 layers, although in this study, this fraction will simply be referred to as endosperm. 116
Isolated germs and endorperms were individually weighed and subsequently collected 117 into the corresponding fractions. Table 1 shows the average weight (mg) of whole grain 118 and the percentage proportions for the germ and endosperm fractions of both cereals. 119
Chemicals and reagents 120
HPLC-grade deionised water was produced with a Milli-Q Advantage A10 121 system (Merck Chemicals and Life Science, Madrid, Spain) and HPLC-grade acetone, 122 methanol, toluene, and heptane were supplied by BDH Prolabo (VWR International 123 Eurolab, Barcelona, Spain). Heptadecanoic acid (C17:0), butylated hydroxytoluene 124 (BHT), 2,2-dimethoxypropane, and fatty acid methyl ester (FAME) standard mixtures 125 were purchased from Sigma-Aldrich Química, (Madrid, Spain). Other reagents were all 126 of analytical grade. 127
were pooled. The solvent was gently evaporated under a nitrogen stream, and the 137 pigments were dissolved in 0.5 mL of acetone for both grain fractions. Prior to 138 chromatographic analysis, samples were centrifuged at 13,000 × g for 5 min at 4º C. 139
The analyses were carried out in quadruplicate for each sample. All operations were 140 performed under dimmed light to prevent the isomerization and photo-degradation of 141 carotenoids. 142 143
HPLC analysis of carotenoids 144
The identification of carotenoid pigments in tritordeum grains and durum wheat 145 consideration that the esterification of xanthophylls with fatty acids does not modify the 163 chromophore properties, lutein ester content were estimated by using the calibration 164 curve for free lutein. Therefore, the concentration of lutein esters was expressed as free 165 lutein equivalents. The concentration of (Z)-isomers of lutein was determined by using 166 the calibration curve for (all-E)-lutein. Data were expressed as µg/g fresh weight (µg/g 167 fw). Analyses were carried out in quadruplicate (n=4). 168 169 2.6. Analysis of fatty acids by gas chromatography 170
The fatty acid composition of the total lipid pool was analysed by gas 171 chromatography (GC) as methyl esters (FAMEs), which were prepared as described by that the bran/germ fractions of three bread wheat varieties had 4-fold more lutein, 12-213 fold more zeaxanthin, and 2-fold more β-cryptoxanthin than the endosperm fractions. A 214 significantly higher total carotenoid content for the germs in comparisons to the other 215 grain fractions was also reported by Okarter (2010) . This data supports the well-216 stablished nutritional recommendation for the consumption of whole grains (Liu, 2007) . 217
The carotenoid content was distributed more homogeneously among both the 218 grain fractions of tritordeum (4.16 and 4.59 µg/g fw for germ and endosperm, 219 respectively). These data underline the genetic dependence of the carotenoid 220 distribution within the cereal grain. Similarly, Fratianni et al. (2005) reported 15% more 221 lutein, zeaxanthin, and β-carotene in whole meal than in semolina for low-carotenoid 222 (low-YP) durum wheat cultivars, probably due to the contribution of the germ content. The detailed analysis showed clear qualitative differences in tritordeum grains, 266 highlighting the presence of lutein esters in both fractions; in contrast, lutein esters were 267 not detected in durum wheat ( Table 2) reached values of 3.5 whereas the ratio lutein-3-O-palmitate to lutein-3′-O-palmitate 295 was 1.6. In the case of the endosperm, the observed values were higher (4.6 and 2.1, 296 respectively) but followed the same trend, in accordance with a greater esterifying 297 activity in endosperm. As proposed in a previous work (Mellado-Ortega and Hornero-298 Méndez, 2012), these results suggest that the responsible esterifying enzyme 299 (xanthophyll acyltransferase, XAT) has a preferential acylating action for the β-end ring 300 of lutein compared to the ε-end ring, as well as a higher selectivity for palmitic acid. 301 Average weight whole grain (mg)* 68.1 ± 3.2 34.5 ± 2.6
Germ (%) 2.9 ± 0.4 7.1 ± 0.6
Endosperm (%) 97.1 ± 5.1 92.9 ± 4.7 * Data are the mean ± standard deviation (n=1000). 
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